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A new method for the isolation of plasma membrane 
residues which can be used to raise antibodies to oral 
epithelial cell membranes is described. Plasma mem-
brane vesicles were formed on the cell surfaces of con-
fluent rat oral epithelial cell cultures by exposing the 
cells in situ to 100 mM freshly prepared formaldehyde. 
The vesicles formed 10-15 min. after exposure and were 
released into the medium. The vesicles, 1-10 p.m in di-
ameter, were sedimented by centrifugation at 30,000 g 
for 20 min. Antibodies to vesicles were raised in rabbits 
and used in an indirect immunofluorescence and immu-
noperoxidase staining technique. In rat and human oral 
epithelium they stained cell membranes in the basal and 
spinous cell layers. No cytoplasmic staining was seen in 
the epithelium. Staining of squamous epithelium from 
the human uterine cervix, rat and human skin and 
guinea pig lip was negative. 
Experimental evidence sugges ts that growth, movem e nt and 
recognition of ~ells are coordinated by an assembly of interact-
ing m acromolecules consisting of cell surface glycoproteins, cell 
m embrane prote ins and submembraneous fibrillar structures 
[1-3). 
In the s tudy of cell interaction in normal and diseased tissues 
it h as t herefore become increasingly important to ch aracterize 
th e structures of cell surfaces. 
The cell surface of squamous epithelial cells have previously 
been studied by several in vitro techniques including immuno-
ch emical staining with labeled antibodies to cell surface anti-
gens [ 4-12], staining with la beled plan t lectin s [12-15], chemical 
analyses of m embrane fragments [16-18), and cytotoxic t ests 
with antibodies to cell m embrane antigens [7]. Antibodies to 
epithe lial cell m embranes h ave in t hese studies been produced 
by immunizing with whole epithelial cells or cell homogenates 
[7,12-15]. It has recently been reported that different nonepi-
th elia l cell lines form a nd release surface membrane vesicles 
fo llowing exposure to formaldehyde [19]. The present report 
describes the isolation of squamous epithelia l cell m embranes 
by use of the a bove mentioned aldehyde induced m embrane 
vesiculation and, a lso describes the production of epithelial cell 
membrane sp ecific antibodies by use of these membrane vesi-
cles. 
MATERIALS AND METHODS 
Epithelial Cells 
P lasma membranes were isolated from an established rat oral epi-
thelial cell line grown in serial culture in minimum essential medium 
(MEM) with 15% feta l calf serum, 1 mM glutamine, and antibiot ics (200 
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Abbreviations: 
IIF: indirect immunofluorescence staining technique 
liP: indirect immunoperoxidase staining technique 
MEM: minimum essential medium 
U/ml penicillin, 50 J.lg/ml gentamicin and 2.5 J.lg/ml fungizone). The 
cells were kindly supplied by Dr. A. Jepsen, Royal Dental College, 
Arhus, Denmark [20). They have been cloned several times and have 
gone through several hundred populat ion doublings in our laboratory. 
Population doubling time is 14-16 hr and plating efficiency, 60- 90%. 
The cells are epithelial by morphology and exhibit classical keratino-
cyte markers such as desmosomes, tonofibrils and cornified envelopes 
(Birkedal-Hansen, H ., Westergaard, J., Hansen, I. L., and Nellemann, 
K., in preparation). 
Formation of Plasma M embrane Vesicles 
The cell cultures were exposed to a freshly prepared solu tion of 100 
mM paraformaldehyde in Tyrode's solution and incubated at 37°C. 
Formation of plasma membrane vesicles were followed by phase con-
trast microscopy and after 1-2 hr the vesicles released in to the Tyrode-
formaldehyde medium were harvested by centrifugation at 30,000 g for 
20 min in the cold (4°C). The paraformaldehyde treated cultures and 
vesicles were examined by scanning and transmission electron micros-
copy (SEM and TEM). 
Antibodies to Vesicles 
Antibodies to the vesicles were raised in two 2-3 kg white rabbits 
(Den Danske Landrace, Statens Seruminstitut, Denmark). The vesicle 
pellet derived from 10" cells was suspended in Ca++ and Mg++ free 
phosphate buffer and mixed with 0.5 ml Freund 's complete adjuvant. 
After collection of preimmunization sera the animals were injected 
intra- and subcutaneously at multiple sites and were later given a total 
of 5 booster injections at 3-week intervals. The animals were bled 10 
days after the last injection and the IgG fraction of the sera was pw-ified 
as previously described [21]. The IgG fraction was absorbed twice for 
30 min with B red blood cells to exclude reactiv ity in the B blood 
groups system. This was considered necessary as the cell cultures, used 
for vesiculation, expressed blood group B antigen. 
T esting of Antibodies 
The antibodies were tested by staining the original epi thelial cell 
line, isolated vesicles and t issue sections with two diffe rent immunolog-
ical staining procedures: 1) the indirect immunofluorescence staining 
technique (IIF), for light microscopy and the indirect immunoperoxi-
dase (liP) staining technique for light and electronmicroscopy. The 
t issues and cell lines tested are summarized in the Table and Fig 1. 
Fixation before Staining: Cell cul t UJ"es and ves icles. Cell cultures for 
light microscopy were either washed in phosphate buffered saline, pH 
7.2, and air-dried or fixed in 10% neutral formal in. After air-drying or 
fixation the cells were washed in phosphate bu ffered saline, pH 7.2, and 
stained by IIF technique. 
Cell cultures and vesicles for liP staining and subsequent investiga-
tion in TEM were prefixed in 10% neutral formalin for 24 hr at 4°C 
before staining with liP technique and then fin ally fixed with glutar-
aldehyde and osmium as described later. 
Tissue sections. Staining of epithelial t issues was performed on (1) 
unfixed air-dried cryostat sections, (2) cryostat sections fixed in 10% 
formalin for 30 min, or (3) hydrated sections of formalin fixed parafin 
embedded tissue. 
Staining: The staining procedure for the tissue sections has been 
described in detail elsewhere [5,22]. T he cell cul tures were stained like 
the tissue sections while still attached to the Falcon flasks. The vesicles 
were stained in suspension as earlier described [23]. Staining was 
performed as indirect stainings with antivesicle an t iserum as first layer 
and antirabbi t antiserum produced in swine and conjugated with fluo-
rescein for the IIF- and peroxidase for the liP-staining [5]. 
Fluorescein conjugated antirabbit ·serum lgG was from DAKO, Co-
penhagen, Denmark . The conjugate was a ble to bind 100 J.lg of rabbit 
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Immunofluorescence and inununoperoxidase staining of 
different cells and tissues with antiuesicle serum 
Cells & .tissues 
Cell cultw·es 
Vesicles 
Rat oral m ucosa 
Human oral mucosa 
Guinea pig oral mucosa 
Human uterine cervix 
Rat skin 
Human skin 
Guinea pig s kin 
EPI Ttl[L.IAL 
CULTURES - \vcS JCLLS l- IRABBt r\ 
ALOl!tYOl I 
l'ltr.5l • r\JCROSCOP'i 
su· 
Resu lt of staining reactioa 
Cell membranes 
Vesicle Membranes 
Epithelial cell membranes 
Epithelial cell membranes 
No staining 
Epithelial cell membranes weah 
No staining 
No staining 
No staining 
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FIG 1. Production and testing of antibodies to cell membranes of 
squamous epithelium. 
IgG per mi. T he mean absorbance ratio of the conjugate at 395/280 nm 
was 0.66 with 0.30 as lowest and 0.95 as highest ratio. By chessboard 
titration a working t iter of 1:20 was fou nd sui table [24]. 
T he peroxidase conjugate was produced by the 2-step glu taraldehyde 
method [25]. The average molecular weight of the conjugate was 20,000, 
corresponding a molar conjugation degree of 1. 
Control reactions to establish the specificity for the staining reaction 
and the flu orescent microscope have been described earlier [5]. 
Electron m icroscopy 
Samples fo r electron microscopy included formaldehyde treated 
cultures fo r SEM, and unfixed vesicles as well as prefixed, liP stained 
vesicles and cul tures for TEM. They were all fixed in 2!% glutaralde-
hyde in 0.1 M cacodylate buffer, pH 7,4, at room-temperature and 
postfixed in osmium tetramdde. For SEM the cultmes were, after 
fixation, dehydrated in alcohol, crit ical point dried using Freon 113 as 
t ransition fluid and coated with gold . For TEM both vesicle pellets and 
cell cultures were after fixation dehydrated in alcohol and iso-propyl 
alcohol and embedded in Epon. 
RESULTS 
Vesicle Formation 
Phase microscopy revealed that sm face blebs appeared on 
the cultured cells within 10-15 min after exposure to formal-
deh yde. After 30 min numerous vesicles had been released to 
the medium. 
SEM of aldehyde treated cell lines showed 1-10 J.Lm large 
vesicles predominantly located on fingerlike cytoplasmic pro-
jections and in areas of cell contacts. Multiple crater-like scars 
at t he site of released vesicles were a lso found on th e cell surface 
(Fig 2) . 
Vesicles examined by TEM had a trilaminar unit membrane 
structure and contained a fine microreticular network. The 
vesicles showed no evidence of contamination with cytoplasmic 
organelles or nuclear fragments (Fig 3). 
Staining with Antivesicle Antibodies 
Analogous staining reactions were obtained in the IIF and 
IIP stainings. Formalin fixation as well as parafin embedding 
had no influence on the distribution and intensity ofthe staining 
(Fig 4) . 
Cell cultures and vesicles: In the light microscope all cell 
cultures revealed a distinct staining of the cell membranes. 
Ultrastructural examination of the liP stained cultmes as 
well as the isolated vesicles revealed a rather homogeneous 20-
40 nm thick electron-dense layer upon the outer side of the cell 
membranes (Fig 5,6). In the cell cultures reaction product was 
seen on the free upper cell surface extending into the intercel-
lular space to the first occurring desmosome (Fig 6). However, 
in the periphery of th e cell cultures staining precipitate was 
also observed on that part of the cell membrane facing the 
growth dish, where int imate contact between plasma membrane 
and plastic did not appear. 
Tissues: The results are summarized in t he Table. Staining 
of sections from rat and human oral mucosa showed a distinct 
reaction at the surfaces of cells in the basal and spinous cell 
layers. T he basal cells were stained only along t hat part of the 
cell smface which did not face the basement membrane (Fig 4). 
FIG 2. SEM of aldehyde treated cells. Vesicles (A) predominantly 
located on finger-like cytoplasmic projections. Crater-like scar (B) at 
the site of a released vesicle (scale = 1 p.m). 
FIG 3. Thin section of isolated vesicles showing a trilaminar mem-
brane surrounding of micro:reticular network (scale = 1 11m). 
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FIG 4. Staining of human buccal mucosa. A , immunofluorescence 
sta ining. B , immunoperoxidase staining. A distinct s taining of the cell 
sUl'faces is seen in the basal and spinous cell layers. Basal cells are not 
s tained at the side facing the basement membrane (scale= 100 /Lm). 
In the human buccal mucosa the flattened epithelial cells 
stained positively whereas the keratinized cell layers in the 
human palate and the rat buccal mucosa did not stain. Practi-
cally no cytoplasmic staining was seen (Fig 4). 
Staining of sections from the human uterine cervix showed a 
very weak s taining of basal and parabasal cells. Negative reac-
tions were obtained also with rat and human skin and guinea 
pig lower lip. 
DISCUSSION 
The present work has demonstrated that vesicles formed 
after addition of low concentrations of formaldehyde to epithe-
lial cell cultures when injected into rabbits induce formation of 
antibodies to epithelial cell membranes. Transmission and scan-
ning electron microscopy indicate that only membrane vesicles 
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FIG 5. Electron dens material (arrow) representing peroxidase r e-
action product are seen along the outer surface of vesicles (scale = 1 
/Lm). 
and not whole cells are released into the medium. Therefore 
only vesicles were used for immunization. Fmthermore the 
trilaminar unit structure of the vesicle membrane indicates that 
the vesicles are formed from the cell membrane. The uniform 
and almost identical staining pattern obtained by the liP stain-
ing of cells and vesicles with antivesicle antibodies suggests that 
the vesicles have some of the general characteristics of the 
intact cell membrane. Antibodies to cell membranes of squa-
mous epithelial cells have earlier been produced by immunizing 
with either viable epithelial cells suspensions or with homoge-
nized tissues [ 4,6,11,12,26]. One of the problems of working with 
epidermal cell suspensions is that 'it is difficult to avoid the use 
of proteolytic enzymes, such as trypsin [6,7], which change the 
antigen expression of the cell surface [27]. Immunizing with 
homogenized epithelial tissue may result in antibodies to several 
other cell constituents than the cell membrane. The use of 
membrane vesicles as described in the present work avoid some 
of the disadvantages of the other used techniques. The present 
results are in full agreement with previous studies [19), which 
furthermore demonstrated that several membrane enzymes 
were active in vesicles formed from different non epithelial cell 
lines. However, it must be suspected that some cell membrane 
proteins are altered by the formaldehyde and these may give 
rise to antibodies which do not react with the intact cell 
membrane [28,29,30]. The fact that no difference in staining 
between nonfixed and formalin-fixed tissue was seen, suggests 
that the majority of antibodies are produced against cell surface 
antigens which are not adversely affected by formalin fixation. 
In the oral mucosa the antibodies stained the entire cell 
smface in the superficial part of the epithelium whereas the 
basal cells only stained on sides facing other epithelial cells and 
not on the side facing the basement membrane. The distribution 
of the staining reaction conesponds to the distribution of the 
cell coat suggesting that the antigens, given raise to the anti-
bodies, are part of this cell smface component [31]. 
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FIG 6. A & B, Monolayer of epithelial culture grown on plastic dish 
(P) : immunoperoxidase staining. Reaction product are only seen on 
the free upper cell surface (wTows). B , Higher magnification of the 
upper cell surface of cultme. A globular electron dense reaction product 
is seen along the outer cell sUJ-face extending in to the intercellular space 
ending at the desmosome (D) (scale= 1 J.Lm) . 
The electron microscopy of liP stained cell cultw-es only 
revealed staining of the free surface and the intercellular space 
from the surface down to the first desmosome. The lack of 
staining in the deeper part of the intercellular space possibly is 
due to the limited penetration of antibodies into the tissue. 
This is supported by the observation that cells at the free 
margin of the cell cultw-e stained at the sites facing the Falcon 
flask. The staining of the basal part of the marginal epithelial 
cells in culture may indicate that the cell membrane in cultw-es 
does not show the same polarity as seen in vivo. This can, 
however, only be investigated by staining sections of the cell 
cultures, which permit full equal access of antibodies to all layer 
of the epithelium. 
In conclusion plasma vesicles isolated by this method provide 
a valuable sow-ce of material to study epithelial cell membranes. 
Futw-e studies should concentrate on the extent to which the 
vesicles represent the intact cell membrane. 
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